Abstract: Withania somnifera (L.) Dunal (Solanaceae) is normally propagated by seeds. The percentage germination is low, due to the presence of certain inhibitory compounds in the fruit. Among the local and Indian cultivars, the Indian cultivar is preferred by the pharmaceutical industry due to the starchy nature of roots. The local cultivar is listed as a threatened plant. In the present study, W. somnifera was successfully mass propagated in vitro, acclimatized and compared with seed raised plants.
INTRODUCTION
Withania somnifera (L.) Dunal is a valuable medicinal plant which belongs to the family Solanaceae. W. somnifera is normally propagated by seeds. The wall of the fruit contains a chemical which prevent seed germination. Percentage of seed germination decreases drastically with time. There are two cultivars of W. somnifera present in Sri Lanka. One is the local cultivar and the other one is an Indian cultivar. The most important part used in medicine is the tuber or root. The Indian cultivar is preferred by drug manufacturers because of the starchy nature of its roots as opposed to the local cultivar of which the roots are fibrous. A protocol developed for micropropagation of the Indian cultivar through tissue culture could possibly be used for both cultivars as a tool for clonal propagation and conservation. The objective of this study was to develop a successful protocol for in vitro mass propagation of W. somnifera, acclimatize the in vitro propagated plants and compare them with seed raised plants with regard to growth, physiology and chemical availability.
METHODS AND MATERIALS
Four-month-old plants of the Indian cultivar were selected as mother plants. Explants were surface sterilized in 10% Clorox™ (Sodium hypochlorite) for 10 min and in 70% alcohol for 2 min, each followed by two successive rinses in sterile distilled water. The Murashige and Skoog (MS) medium was used as the basal medium. Culture media were prepared by adding 30.0 g/L sucrose and 8.0 g/L agar and the pH was adjusted to 5.6 before
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Journal of the National Science Foundation of Sri Lanka 37 (4) being autoclaved. Cultures were maintained at 25±1 ºC under 3000 lx light intensity for 16 h except where callus induction is required. Unless otherwise stated there were 20 replicates in each treatment. Completely randomized design (CRD) was used in all experiments. Analysis of variance (ANOVA) was used to identify whether there were any significant differences between different treatments and the least significant difference (LSD) was used as the mean separation technique.
Callus induction from different explants: Leaf pieces (25.0 mm 2 ) from the fully opened third leaf from the apex, nodal segments and shoot tips of 6.0 mm were used as explants for callus induction. Explants were cultured on MS basal medium supplemented with 1.0 µM (Kinetin) and benzyl amino purine (BAP) and naphthalene acetic acid (NAA) in 3 different combinations.
Cultures were incubated at 25±1 ºC in the dark for a period of 14 d for callus initiation and transferred to a 16 h photoperiod and maintained for another 28 d because preliminary studies indicated that incubation in continuous darkness for more than 14 d retarded callus growth. The number of days taken for callus initiation, and the diameter, colour and texture of the callus and level of shoot initiation were recorded after 4 wks.
Determination of a suitable growth regulator combination for shoot proliferation and multiplication: Calli were transferred into MS medium supplemented with 1.0 µM indole acetic acid (IAA) and different concentrations of BAP (4.5, 9 .0 or 13.0.µM) for shoot proliferation. After 60 ds of incubation under a 16 h photoperiod, shoot length, number of shoots per callus and number of leaves per shoot were measured.
Determination of suitable growth regulator combination for root induction:
Once shoots elongated up to about 5 cm height they were transferred into the root initiation medium. MS medium was used as the basal medium and indole-3-butyric acid (IBA) (0.0, 5.0 or 10.0 µM) and IAA (0.0, 6.0 or 12.0 µM) were used as growth regulators. Growth regulator free MS medium was used as the control. The rooting percentage, number of roots per shoot and root lengths were measured after 60 ds of incubation.
Determination of the suitable potting mixture for acclimatization and greenhouse establishment: Rooted plants were carefully removed from the culture medium and washed with sterile distilled water to remove all traces of agar. The tissue cultured plants were then dipped in a solution of 1.0 g/L Captan TM for 5 min. Plantlets were first transferred to river sand which was already sterilized in a hot air oven at 162 ± 1ºC for 2 h. Sand trays were kept inside a humid chamber. Humidity was controlled and gradually adjusted to that of ambient conditions by replacing the top cover of the chamber which has different sizes of holes. Rate of photosynthesis and stomatal resistance were considered as the physiological parameters. Rate of photosynthesis of in vitro produced plants and seed raised plants were measured at 3 month and 6 month stages using portable photosynthetic system Li -6400 (LI-COR Inc., USA). Measurements were taken in the morning and afternoon of the day. Stomatal resistance of the leaves was measured in the morning, noon and evening in six month old plants using AP 4 cycling Porometer (Delta-T Devices Ltd., UK).
Thin layer chromatography (TLC) was used in order to compare chemical compounds. Samples were air dried (10% moisture content) and ground. Five grams of each sample were refluxed with 100.0 mL methanol for 4 h. The extract was filtered and the filtrate was evaporated to dryness under reduced pressure at 50 ºC. The dried extracts (0.15 g of each) were dissolved in 4.0 mL methanol. 4.0 µL of each solution were spotted separately in the GF 254 aluminum pre-quoted TLC plate. Withaferin A was used as the standard. Methanol: dichloromethane: cyclohexane (0.3 : 3.7 : 1.0) mixture was used as the solvent system.
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RESULTS AND DISCUSSION

Callus induction from different explants
Although callus initiation took place in the dark, preliminary studies revealed that continuous darkness (more than 14 days) retarded callus growth. It was observed that after transferring calli into a 16 hour light regime, growth was enhanced and shoot initials were observed in some explants after 20 to 25 days in the same medium. In the presence of 1.0 µM Kin, 4.5 µM BAP and 1.5 µM NAA callus initiation was observed in leaf segments explants after a short period of time (9.10±1.10 days) compared to other tested media. The callus diameter varied significantly among the treatments. The highest callus diameter (1.90±0.45) was observed in the presence of 1.0 µM Kin, 4.5 µM BAP and 0.5 µM NAA where it took 10.20±1.10 days for callus initiation.
There was no significant difference between treatments in the mean number of days taken for callus induction from nodal segment explants. In the presence of 1.0 µM Kin and 0.5 µM NAA, callus initiation took place in a shorter period of time compared to other tested media. The highest nodal segment explant callus diameter (1.96 ± 0.24) was observed in the presence of 1.0 µM Kin, 4.5 µM BAP and 0.5 µM NAA, indicating that MS medium supplemented with 1.0 µM Kin, 4.5 µM BAP and 0.5 µM NAA is the best medium for callus induction from nodal segments as well. However, the colour of the callus was yellowish green while the texture was hard, which was different from the calli obtained from leaf segments which were white and mucilaginous.
When shoot tips were used as explants, MS medium supplemented with 1.0 µM Kin, 4.5 µM BAP and 1.5 µM NAA showed the lowest time taken for callus initiation (10.20±0.78 days) when compared to the other two tested media (11.20±0.90 and 11.80±1.30 days, respectively) but the difference was not significant. Callus diameter was highest (1.62 ± 0.38) in the presence of 1.0 µM Kin, 4.5 µM BAP and 0.5 µM NAA, and it was 1.38±0.26 and 1.45±0.25 for the other two tested media. . Therefore, it could be suggested that MS medium supplemented with 1.0 µM Kin, 4.5 µM BAP and 0.5 µM NAA is the more suitable medium for callus and shoot initiation from nodal segments and shoot tips of W. somnifera (Table 1) .
In past studies calli from root and cotyledonary leaf segments have been obtained in 0.11 µM 2, 4 -D and 0.01 µM Kin. Plant regeneration was successful only from calli obtained from hypocotyl segments in the presence of BAP and 6-(r,r-dimethylallyamino)purine (2-iP). The number of calli resulted from shoot tip explants compared to leaf segment explants was higher in MS medium supplemented with 56.0 µM Kin 2 . In the present study the number of calli obtained from leaf piece explants was higher when compared to that of nodal segments and shoot tips. Calli produced from leaf segments did not produce shoot initials in any of the media tested. In calli induced from nodal segments, shoot multiplication showed a significant difference between treatments for mean number of leaves and mean number of shoots per callus. The highest mean number of leaves, mean shoot length and mean number of shoots per callus were observed in MS medium supplemented with 9.0 µM BAP and 1.0 µM IAA (Plate1a). Results obtained for callus induction from shoot tip explants were comparable with results obtained from nodal segment explants (Table 2) . However, mean number of leaves, mean shoot length and mean number of shoots per callus were lower in calli obtained from shoot tip explants than those from nodal segments. The highest mean number of leaves, mean shoot length and mean number of shoots per callus (9.60±1.80, 3.30±0.80, (4) December 2009 7.60±1.60, respectively) was observed in the medium supplemented with 9.0 µM BAP and 1.0 µM IAA and those values were significantly higher than those obtained from other tested treatments. . Therefore, it could be suggested that MS medium supplemented with 9.0 µM BAP and 1.0 µM IAA as the better medium for shoot proliferation and multiplication from these calli.
As reported in published work, shoot initials developed from hypocotyle segment calli have been transferred into a medium of MS supplemented with 9.1 µM 2,4-D and 0.9 µM Kin for elongation 1 . Multiple shoots have been induced in MS medium with a growth regulator combination of 2.3 µM 2,4-dichlorophenoxyacetic acid (2,4-D), 2.5 µM IBA and 4.4 µM BAP from shoot tips of in vitro germinated seeds 3 . This is not possible with W. somnifera, because seed germination ability decreases with the storage time and at times germination is inhibited by substances present in mucilage around the seeds. Multiple shoots have been produced in low number (2-3) from leaf explants of 3-month-old seedlings 4 and elongated in MS medium supplemented with 8.8 µM BAP and 7.9 µM IAA. In the present study, the best medium observed for shoot proliferation is MS medium supplemented with 9.0 µM BAP and 1.0 µM IAA, where the BAP level was comparable with previous studies but not the IAA level.
Determination of a suitable growth regulator combination for root induction
There was a non significant difference in rooting percentage, mean number of roots per shoot and mean root length among the tested concentrations of the growth regulator (Table 3) . Rooting percentage, number of roots and root length in MS medium with 12.0 µM IBA and growth regulator free MS medium (control) were comparable, and values obtained for control was the highest among the other treatments suggesting that the best medium for root initiation of W. somnifera is MS medium without the growth regulator.
In vitro rooting of W. somnifera had been achieved in growth regulator free MS medium 3 IAA has also been successful in some studies 5 .
Determination of a suitable potting mixture for acclimatization and greenhouse establishment of tissue cultured plants
Highest survival percentage (80%) was observed in a potting mixture of river sand: top soil: compost (2:1:1).
Overall survival percentage was low in other tested potting mixtures (40 -50%). Healthy, well rooted in vitro produced W. somnifera plants were transferred into pots containing autoclaved mixture of sand: soil, and acclimatized for 2 weeks under diffused sunlight and 70 % humidity in a greenhouse before being transferred to the field 4 . The establishment of rooted shoots of W. somnifera in soil in a greenhouse with 60% survival 3 has also been reported. However, the rate of survival in the mixture of river sand: top soil: compost (2:1:1) is comparatively higher than those in previous studies.
Comparison of growth, physiology and chemical nature of tissue cultured plants and seed raised plants
In vitro raised plants are often compared with seed-raised plants in order to identify physiological or morphological disorders, which could appear in the in vitro propagated plants.
The mean height and number of leaves for both types of plants when plotted against time, showed sigmoid patterns. This indicates that the tissue cultured plants have a normal pattern of growth. It was observed that the heights of the seed raised plants are comparably higher than that of tissue cultured plants and the difference occurred after the 6 th week. The mean number of leaves was also higher in seed raised plants. In case of branching, both type of plants showed a similar pattern (Figure 1 ).
In the present study, a higher height increment was also observed with seed raised plants compared to tissue cultured plants. Many researchers in the field of tissue culture have often observed a dwarf appearance of micropropagated plants, which recovered in latter stages of development in the field 6, 7 . The higher height increment of seed raised plants may be due to different ambient conditions during initial stages of seedling growth. Factors that affect the growth of a tissue cultured plant, such as light, space, gas exchange and functional root system are not limited when plants are grown in a greenhouse. The appearance of short stems in tissue cultured plants could also be due to high concentration of cytokinin in the medium 6 . The leaf number is also higher in seed raised plants compared to those of tissue cultured plants. The difference in height between seed raised and tissue cultured plants is low.
According to the results obtained after three and six months, it was observed that the rate of photosynthesis is significantly higher in tissue cultured plants than seed raised plants. In both types of plants the rate of photosynthesis increased with maturity, with the tissue cultured plants showing a slightly higher rate (Table 4) . This shows further establishment of tissue cultured plants under natural environmental conditions. A similar pattern of change in rates of photosynthesis was observed in tissue cultured plants of Munronia pinnata 7 .
The stomatal resistance was significantly lower in tissue cultured plants than those of seed raised plants (Table 5 ). Both types of plants showed lower stomatal resistance to water loss at noon which may be due to increased ambient temperature. Higher stomatal resistance was observed in six month old seed raised plants.
Many researchers have pointed out the difficulty in controlling water loss of micropropagated plants, which causes severe desiccation upon removal from in vitro cultures 9, 10 . This is mainly due to malfunctioning stomata and unresponsive stomata that hinder acclimatization under ex vitro conditions and increase mortality by desiccation 11 .
Withanolides are the more important bioactive constituents of W. somnifera. TLC fingerprints for tissue cultured plants, seed raised plants, standard withaferin A and root extract of W. somnifera proved that the dark purple spots are withaferin A (Plate 2). A detailed study is needed to confirm the chemical compunds present in W. somnifera. The results indicate that, in vitro propagation protocol developed in this study could be used in mass clonal propagation of W. somnifera since it produced true-to-type plants.
